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ABSTRACT
The Tomales-Bodega Bay catch during the past two seasons
has been from the northern part of outer Bodega Bay, due
to the closure of the Tomales Bay fishery.
In the Tomales-Bodega Bay area, 4-, 5-, and 6-yr-old
herring, Clupea pallasi, comprised 84% by number of the
1991-92 season's gill net catch.
The number of 4-yr-olds increased to 26% of the gill net
catch, the second consecutive year that the percentage of 4-
yr-olds has increased. Four-yr-olds are completely recruited
into the gill net fishery, and thus are a good indicator of
relative year class strength.
Average length of herring in the Tomales-Bodega Bay area
gill net catch decreased due to a shift to younger herring
in the catch.
Herring age and size data obtained from Tomales Bay with a
variable-mesh research gill net were similar to data from
San Francisco Bay obtained with the same net. Herring over
7-yrs-old were absent from the Tomales Bay variable-mesh
gill net and the outer Bodega Bay commercial gill net samples.
In San Francisco Bay, the age composition of the gill net
catch was again 4-, 5-, and 6-yr-old herring, which
comprised 87% of the catch. In the round haul fishery, 3-
and 4-yr-old herring dominated, comprising 63% of the catch.
Recruitment of 2-yr-old herring was poor.
The average length of herring in the San Francisco Bay gill
net catch was the lowest on record, 189 mm body length (BL).
The average length of herring in the round haul catch
increased to 179 mmBl due to poor recruitment of young
herring.
1/ Marine Resources Administrative Report No. 92-4
1/ Marine Resources Division, 2201 Garden Road, Monterey,
California 93940.
1/ Marine Resources Division, P.O. Box 2498, Sebastopol,
California 95473.
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INTRODUCTION
The California Department of Fish and Game has monitored the
age, size, and sex composition of the Pacific herring, Clupea
pallasi, roe fishery catch in the Tomales Bay area' and San Fran-
cisco Bay since 1973. This report continues the seasonal series
of reports through the 1991-92 .eason.
METHODS
Catch Sampling
In San Francisco Bay and Tomales-Bodega Bay, gill net and
round haul samples were collected after vessels unloaded their
catch.
In the Tomales-Bodega Bay area, we collected herring samples
at off-loading sites in Bodega Harbor; and in San Francisco Bay,
we sampled herring at Sausalito and San Francisco. Up to four'
samples (one per boat) were routinely taken per day in each bay,
when herring were available. If both gill net and round haul
catches were available for sampling on the same day, we collected
two gill net and two round haul samples. However, when daily
catches were large and the fishery subsequently closed, as many
as 10 samples were collected in one day. Each sample weighed 2.3
kg and was collected from bins or totes after vessels unloaded.
Some Tomales-Bodega Bay samples were frozen, while all San
Francisco Bay samples were processed in a fresh condition.
Laboratory procedures have remained unchanged since the fishery
began in 1973 (Spratt 1981). A 1.0 kg sUbsample was randomly
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selected for processing. Every fish in the subsample was
weighed to the nearest 0.1 q, measured in body lenqth (BL) to
the nearest millimeter, and sex and maturity were determined. '-/
Body length was used as the unit of measurement because the
fleshy caudal peduncle of herring makes the hypural plate diff-
icult to locate. Body length was measured from the tip of the
snout to the end of the silvery part of the body. otoliths were
removed for age determination and stored in gelatin capsules.
Ages were assigned by the authors using previously determined
criteria (Spratt 1981).
Variable-Mesh Research Gill Net
Under current regulations, Tomales Bay is closed to herring
fishing until spawning biomass recovers to 2,000 tons. In lieu
of a fishery, a variable-mesh set gill of monofilament nylon
was used to collect fish for age composition analysis. The gill
net was composed of five 10 ft. panels, each with a diffferent"
mesh size (1.5, 1.75, 2.0, 2.25, and 2.5 in. mesh).
All herring captured were sexed, measured to the nearest
millimeter body length, and had otoliths removed for age
analysis.
RESULTS
Tomales and Bodega Bay
A total of 69 herring from eight commercial gill net
samples were processed this season.
~ composition
The dominant age groups were 4 through 6-yr-old herring,
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comprising 84' by number and 85' by weight of the Tomales/Bodega
Bay area commercial gill net catch (Table 1). Including 7-yr-old
herring, these 4 age groups comprised over 90% of the catch. The
number of 4-yr-old herring, an indicator of relative recruitment,
increased from 21% last season (Spratt 1991a) to 26% of this
season's catch by number (Table 1).
Length Composition
This season some herring gill net samples were frozen
before processing. Reilly and Moore (1982) determined that
herring shrink when they are frozen, and added a correction
factor to length measurements. The following length increments
by size group were added to BL of herring in gill net samples
that were frozen: 125-155 mmBL, 4 mm: 156-189 mmBL, 5 mm: 190-
224 mmBL, 6 mm: and 225-250 mmbl, 7 mm. These corrections were
also applied to research gill net samples that were frozen.
After correcting length measurements, the average length of
herring in the 1991-92 gill net catch decreased 3 mm to
194 mm (Table 2). However, the length of 4 through 6-yr-old
herring (Table 3) increased an average of 3 mm from the 1990-91
season (Spratt 1991a). Lack of older herring coupled with the
shift to more 3- and 4-yr-old herring in the 1991-92 catch
(36%) compared with the 1990-91 season (25%) caused the de-
crease in the overall mean length.
Weight Composition
The mean weight-at-age of the three dominant age groups in
this season's catch from the Tomales/Bodega Bay area ranged from
3
2 9 below the long term mean for 4-yr-olds to 4 9 above the long
term mean for 5-yr-olds (Table 4). The weiqht-at-aqe of 7-yr-old
herring was slightly below average. The average weight of each
age class was close to normal, but the lack of 8-yr-old herring
caused the mean weight of herring in the gill net catch to drop
7 g below the long term mean (Table 4).
~ Ratio
The ratios of female to male by number and biomass (weight) in
the 1991-92 Tomales-Bodega Bay area catch were nearly equal
(Table 5). The percent of females in the catch was 58% by number
and 59% by weight. Catch sex ratios below 60% female are consid-
ered low, and indicate poor roe recovery during the season.
Variable-Mesh Research Gill Net
Due to the depressed Tomales Bay spawning biomass, small
school sizes in the bay, and intense marine mammal predation
herring were difficult to catch. However, on January 16, 1992,
we were successful in obtaining a gill net sample. A total of 77
herring were captured, but only 70 herring were whole and
suitable for sampling.
The two dominant age class (3- and 4-yr-olds) comprised 31%
and 37% respectively of the research gill net sample by number
(Table 6). Older age classes (8- and 9-yr-olds) were not
present in the 1991-92 sample. This could be a function of
sample size because only 70 herring were collected; 8 and
9-yr-olds comprised <2% of the 1990-91 sample (Table 6).
A relatively low number of 2-yr-old herring were caught
again this season and could indicate poor recruitment. However,
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some year classes are not fully recruited until age 3. In
addition, San Francisco Bay variable mesh-research gill net
---.
samples were dominated by 3-yr-old herring (Reilly and Moore
1985). This indicates that recruitment, as determined by the
Department's research gill net, may not be complete until age 3.
The corrected mean lengths of herring from frozen Tomales
Bay samples stratified by mesh size were 171 mm, 174 mm, 190 mm,
and 205 mm (1.5 to 2.25 in. mesh). Average lengths from 3 years
of data summarized by month for San Francisco Bay for the same
mesh sizes were 163 mm, 180 mm, 194 mm, and 206 mm (Reilly and
Moore 1985). with the excep~ion of the 1.5 in meSh, the mean
lengths from Tomales Bay fall within the ranges of data from San
Francisco Bay during January.
San Francisco Bay
A total of 48 gill net samples totaling 464 herring, and 27
round haul samples totalling 312 herring were collected this
season.
~ Composition
The 1984-85 season was the first full season in which 2-
1/8 in. minimum mesh was allowed in the San Francisco Bay gill
net fishery. Since then, 4-, 5-, and 6-yr-olds have been the
dominant age groups in the gill net catch (Table 7).
This season, 3- and 4-yr-old herring comprised 38% and
25% (by number) respectively, of the round haul catch (Table
8). The 1990 year class (2-yr-old) composed only 15% of the
catch, compared with the 15-year average of 34% of the catch.
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And for the third consecutive season, very few herrinq over 6
yrs old were taken in the round haul catch.
A Chi-square test of independence was applied to the
percentaqe aqe composition of this season's round haul catch
and the lS-year average (Table 8). The 1991~92 season aqe
composition differed significantly (Chi-square = 19.0 with 7
d.f. at the 5% significance level) from the 15-year average age
composition. The low number of 2-yr-old herring in this
season's catch accounted for over one-half of the difference.
Length Composition
In the 1991-92 gill net· catch, the mean lengths at age of 4
through 7-yr olds decreased from 1 to 4 mm (Table 9) from the
1990-91 season (Spratt 1991a). The overall mean length of the
gill net catch also declined 3 mm to 189 mm, the smallest
recorded mean length for the gill net catch (Table 2). The
number of 4-yr-old herring in the catch is increasing, while
herring over 6 yrs old have decreased (Table 7).
The mean length of the round haul catch increased to 179
mm, the highest mean since the 1983-84 El Nino season (Table
2), when the weak 1981 year class recruited. Even though the
mean length of the round haul catch increased, the mean length
of herring 2 to 6 yrs old (Table 10) was 2 mm below the long-
term mean for these five age classes.
Weight Composition
The overall weight composition of the San Francisco Bay
gill net catch (Table 7) normally parallels that of the age
composition. The gill net catch was predominantly 4- through
6
6-yr-oid herring which compri.ed 86' by weight of the catch.
The mean weight of herring, unweighted for year class
strength, in the San Francisco Bay gill net catch (Table 4),
decreased to 124 g, the lowest mean weight since 1983-84.
The weight-at-age of herring in the round haul catch
(Table 11) equaled the long term mean.
bX Ratio
Fewer females were taken in the San Francisco Bay gill net
catch this season. Females composed 54% by number and 55% by
weight of the catch (Table 5), compared with a typical percent-
age of over 60%. The sex ratio of the round haul catch also
changed: males outnumbered females 1.1:1 (Table 5).
DISCUSSION
Tomales Bay
Spawning escapement in Tomales Bay declined to a historic
low of 167 tons in the 1988-89 season (Spratt 1989b). Since
then, spawning escapement has been increasing and reached over
1,200 tons in the 1991-92 season (Spratt et. ale 1992). During
this time, Tomales Bay has been closed to herring fishing, and
catch data have been taken from herring caught in Bodega Bay.
However, it is possible that herring caught in Bodega Bay may be
from a separate stock and that catch data from the past 4 seasons
may not be representative of Tomales Bay herring. No comparative
fishery data were available from Tomales Bay to evaluate this
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possibility. In any event, the number of 4-yr-old herring in the
Bodega Bay catch has increased for the second consecutive year;
and the relatively strong 1987 year class resulted in an increase
in the number of 5-yr-olds in the catch.
The Tomales Bay spawning population is recovering. OVer 90%
of the herring sampled by research gill net from Tomales Bay
this season were less than 6 years old. Relatively good re-
cruitment could be responsible for the increase in spawning
biomass and the change in the age composition of the Bodega Bay
commercial catch over the past three years. Possible movement of
herring from other spawning areas to Tomales Bay is considered
less likely since the age composition of the research gill net
catch is predominantly younger herring.
Without a fishery or a larger sample size of herring from
Tomales Bay for age analysis, it is difficult to determine
whether the popUlation increase is in fact due to recruitment
or movement of herring from other areas. However, the recent
increase in the Tomales Bay population appears to be due to a
gradual rebuilding of the stock, with schools composed of
younger and smaller herring.
San Francisco Bay
Relative recruitment of 2-yr-old herring (1990 year class)
was weak this season, comprising only 15% of the round haul
catch, and was a major factor in the biomass decline. Poor
recuitment has occurred twice before - the 1977 and 1981 year
classes were weak.
The age composition of the gill net catch has stabilized
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at primarily 4-, 5-, and 6-yr-old herring, and is not expected
to change significantly until the weak 1990 year class appears
as 4-yr-olds in the 1993-94 season gill net catch.
CONCLUSION
The Tomales Bay herring spawning biomass has increased in
each of the past three seasons. However, the 1991-92
spawning biomass of over 1200 tons is· still below historic
levels of 5000-6000 tons. The Tomales Bay fishery remained
closed, but age and size composition data from variable-mesh
research nets indicate that the recovery may be due to rela-
tively good recruitment rather than movement of older herring
to Tomales Bay. The increase in spawning biomass is encourag-
ing; and if the Tomales Bay fishery is re-opened it should be
managed with a harvest rate less than 15% of the biomass until
spawning escapement reaches at least 2,000 tons.
The San Francisco Bay herring biomass has declined from
71,000 tons in 1989-90 to 41,000 tons this season (Spratt
et ale 1992). We attribute the decline over the past two seasons
to unfavorable environmental conditions during 1990 and poor
recruitment of the 1990 year class into the 1991-92 fishery. In
addition, early indications are that 1992 oceanic conditions will
be suboptimal for herring.
The mean length-at-age of herring in the San Francisco Bay
gill net catch and round haul catch both decreased. The aver-
age length of herring in the gill net catch decreased to the
lowest recorded level. The only reason the mean length of the
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round haul catch increased was relatively poor recruitment
causing a change in the age composition of the catch. These
factors, combined with the declining population in San Francisco
Bay and the potential for a further decline due to the 1992 El
Nino, indicate that the San Francicso Bay herring population is
vulnerable to further population declines. We are entering a
critical phase, where difficult management decisions must be made
to prevent further depletion of the San Francisco Bay herring
population, while at the same time promote recovery.
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TABLE 1. Aqe and Weiqht Composition of the Tomales/Bodega
Bay Gill Net Catch, 1982-83 throuqh 1991-92 Seasons.
Aqe(years)
2 3 4 5 6 7 8 9
1982-83 season
Percent by number 4 24 34 24 11 3
Percent by weight 3 21 33 25 13 5
1983-84 season
Percent by number 13 36 35 11 2 3
Percent by weight 10 34 36 13 3 4
1984-85 season
Percent by number 1 6 13 27 33 15 4 1
Percent by weight 1 5 11 25 35 17 5 1
1985-86 season
Percent by number 14 25 27 18 10 5 1
Percent by weight 11 23 27 20 12 6 1
1986-87 season
Percent by number 4 20 38 27 6 3 2
Percent by weight 3 17 37 29 7 4 3
1987-88 season
Percent by number <1 11 31 34 18 4 <2
Percent by weight <1 9 28 34 21 5 2
1988-89 season
Percent by number
-
4 22 33 28 9 3 1
Percent by weight 3 18 30 31 12 4 2
1989-90 season *
Percent by number 2 9 18 37 26 8
Percent by weight 2 7 16 36 31 10
1990-91 season *
Percent by number 4 21 32 26 12 4 1
Percent by weight 3 17 29 28 15 6 2
1991-92 season *
Percent by number 10 26 37 21 6
Percent by weight 8 23 38 24 7
* The Tomales Bay fishery was closed these three seasons and the
samples were collected from the Bodega Bay catch.
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TABLE 2. Mean Length of Herring from Tomales and San Francisco
Bay Roe Fisheries, 1972-73 through 1991-92.
Tomales Bay San Francisco Bay
Gill net Round haul
Mean Mean Mean
length Size length Size length Size
Season mm BL range mm BL range mm BL range
1972-73 186 150-234
1973-74 190 146-248 177 134-222
1974-75 189 142-236 178 132-226
1975-76 184 150-230 178 128-230
1976-77 169 140-216 212 192-236 181 142-228
1977-78 217 194-248 211 178-236 178 144-232
1978-79 No Samples 203 164-234 183 146-222
1979-80 214 196-236 208 184-230 180 148-220
1980-81 208 172-234 205 170-236 178 150-226
1981-82 211 176-236 201 160-228 177 148-226
1982-83 208 184-236 203 170-230 183 152-226
1983-84 199 174-242 205 182-232 165 132-208
1984-85 202 164-232 196 158-238 176 150-206
1985-86 198 166-226 196 166-226 178 142-214
1986-87 197 174-236 194 168-222 174 110-214
1987-88 201 170-234 195 160-230
1988-89 197 170-236 195 164-226
1989-90 204 172-222 196 172-226
1990-91 197 174-232 192 162-226 172 126-224
1991-92 194 168-214 189 168-220 179 140-218
Note. Tomales Bay has been restricted to gill nets only since
1977. The 1984-85 season was the first full season in
which 2-1/8 in mesh was allowed in the San Francisco Bay
gill net fishery. In 1988-89 season there was an increase
in the use of 2 in mesh gill nets in San Francisco Bay.
These nets measured a legal 2-1/8 in because the light
net material stretched easily when measured.
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TABLE 3. Length Frequency ·of the 1991-92 Tomales/Bodega Bay
Gill Net Catch.
Age
-../
MM BL 2 3 4 5 6 7 8 9
220
218
216
214 1
212 1 1
210 2
208 4 2
206 1
204 1
202 4
200 1 3 3
198 1
196 5 1
194 2 4
192 4 1 1
190 3 4
188 1 2 2
186 1 1
184 3
182 1
180 1 1
178 1
176 1
174 1
172 2
170
168 1
N 7 19 25 14 4
Mean 176 188 195 204 210
st. dev. 6.6 5.5 4.9 6.3 4.1
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TABLE 4. Mean Weight (g) at Age of Herring in the Gill Net
Catch by Area and Season.
Tomales/Bodega Bay
Age
Unwted.
Season 2 3 4 5 6 7 8 9 mean·
1979-80 130 135 137 145 188 148
1980-81 92 113 131 141 153 161 177 140
1981-82 83 116 121 147 158 160 172 134
1982-83 100 120 132 150 169 172 140
1983-84 91 106 114 131 141 150 117
1984-85 76 102 109 117 135 151 161 172 135
1985-86 73 94 106 121 137 150 148 162 132
1986-87 89 98 113 127 150 165 186 131
1987-88 78 94 110 125 146 162 166 127
1988-89 88 101 114 134 147 171 192 133
1989-90 88 101 120 133 154 173 136
1990-91 85 99 110 129 152 177 191 133
1991-92 87 103 122 135 147 127
Unwted. •
mean 74 89 105 118 133 149 165 174 134
San Francisco Bay
Age
Unwted.
Season 2 3 4 5 6 7 8 9 mean·
1979-80 126 132 144 151 150 178 141
1980-81 95 105 118 125 136 150 127
. 1981-82 74 88 110 122 137 153 170 172 138
1982-83 83 101 113 127 144 156 169 128
1983-84 69 103 115 124 137 143 110
1984-85 61 95 104 115 129 140 145 181 127
1985-86 71 107 116 128 135 136 151 133
1986-87 77 98 107 121 135 139 169 172 134
1987-88 61 88 100 111 127 141 159 176 128
1988-89 75 90 99 115 130 148 156 177 130
1989-90 88 97 110 128 146 166 186 129
1990-91 80 89 99 109 124 138 154 167 125
1991-92 87 99 109 123 137 154 176 124
Unwted. •
mean 71 92 102 116 129 141 155 172 129
• Calculated from ages 4 through 8: they comprise 95% of the samples.
"'--""
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TABLE 5. Female to Male Sex and Biomass (Weight) Ratios of
1991-92 herring Catch by Area.
Tomales Bay Gill Net
San Francisco Bay Gill Net
San Francisco Bay Round Haul
Sex ratio
1:0.7
1:0.8
1: 1.1
16
Biomass ratio
1:0.7
1:0.8
1:1.0
TABLE 6. Age Composition of 1991-92 Variable-Mesh Gill Net Catch
from Tomales Bay.
1991-92 1990-91
Age N Age N
2 2 3 2 54- 10
3 22 31 3 168 32
4 26 37 4 97 19
5 14 20 5 88 17
6 4 6 6 89 17
7 2 3 7 24 4
8 8 1 <1
9 9 1 <1
Total 70 100 524 100
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TABLE 7. Age and Weight Composition of the San Francisco Bay Gill
Net Catch, 1982-83 through 1991-92 Seasons.
--/
Age (years)
2 3 4 5 6 7 8 9
1982-83 season
Percent by number <1 8 32 32 18 8 <2
Percent by weight <1 6 29 33 20 9 2
1983-84 season
Percent by number <1 12 48 25 11 4
Percent by weight <1 10 46 26 13 5
1984-85 season
Percent by number 6 21 29 24 15 4 1
Percent by weight 5 18 28 25 18 5 1
1985-86 season
Percent by number <1 13 38 26 13 7 3
Percent by weight <1 12 36 27 14 7 4
1986-87 season
Percent by number <1 7 33 37 16 4 2 <1
Percent by weight <1 6 29 38 18 5 3 <1
1987-88 season
Percent by number <1 4 20 36 26 9 3 <1
Percent by weight <1 3 18 34 29 11 4 <1
1988-89 season
Percent by number <1 3 23 32 29 9 3 <1
Percent by weight <1 2 19 31 31 12 3 <1
1989-90 season
Percent by number 3 13 32 31 16 4 1
Percent by weight 2 11 29 32 19 5 2
1990-91 season
Percent by number <1 9 27 29 23 10 1 <1
Percent by weight <1 7 24 28 26 12 2 1
1991-92 season
Percent by number 8 34 38 15 4 1 <1
Percent by weight 6 31 38 17 5 2 1
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Table 8. Comparison of the Percentage Age Composition of the
1991-92 San Francisco Bay Round Haul Herring Catch
with IS-Year Composite Age Composition.
Round Haul Age composition
15-yr composite 1991-92 season
age N % age N ,
2 1097 34 2 47 15
3 917 28 3 119 38
4 575 18 4 78 25
5 369 11 5 48 15
6 199 6 6 12 4
7 78 2 7 5 2
8 31 1 8 2 1
9 9 <1 9 1 <1
Total 3275 100 312 100
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TABLE 9. Length Frequency of Herring from the 1991-92 San
Francisco Bay Gill Net Catch.
Age
DUD BL 2 3 4 5 6 7 8 9
220 1
218
216 3 2
214
212 1
210 2
208 1 1
206 1 5 1
204 4 5
202 7 1
200 3 8 2
198 1 20
196 14 19
194 1 18 9
192 35 1
190 9 44 1
188 13 28
186 33 27
184 34 3
182 3 29 1
180 9 33
178 5 6
176 11
174 3
172 3
170 1
168 2
N 37 158 174 70 17 6 2
Mean 177 184 190 198 205 214 216
st. dev. 3.6 3.2 3.4 3.1 3.2 5.4
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TABLE 10. Lenqth Frequency of Herring from the 1991--92 San
Francisco Bay Round Haul Catch.
"--"
Age
mm BL 2 3 4 5 6 7 8 9
216 1
214
212
210 2 1
208 1
206 1
204 2
202 1
200 4 1
198 1 4
196 2 2
194 6
192 7
190 12
188 1 12
186 1 19 7
184 1 15 1
182 3 19
180 12 17
178 19 5
176 26 2
174 18
172 19
170 4 11
168 5 4
166 10 4
164 8 1
162 6
160 7
158 1
156 3
154
152
150
148 1
146 1
144
142
140 1
N 47 119 78 48 12 5 2 1
Mean 163 175 182 190 199 206 209 215
st. dev. 6.1 4.1 2.8 3.1 2.7 4.3 1.4
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Table 11. Comparison of Mean Weight (9) at Age of Herring in the
1991-92 San Francisco Bay Round Haul Catch with Lonq
Term Mean Values.
Age
Unwted.
2 3 4 5 6 7 8 9 mean·
15 yr
unwted.
*
mean 61 80 97 113 126 139 161 164 95.4
*1991-92 64 80 94 115 125 132 161 169 95.6
*Calculated from ages 2 through 6, they comprise over 95% of data.
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